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IHTRODUCTIOH 
Published investigations have shown definitely that 
oftcysts of coecldia are highly resistant to various chemical 
disinfectants, but extremely susceptible to desiccation and 
heat, Goccldlan o6cysts are destroyed rather easily at moder­
ately high temperatures. It seems, however, that no work has 
ever been carried out with a view to finding out the compara­
tive susceptibility of different species of coccldla to heat­
ing under identical laboratory conditions. Do different 
species of coccldla tolerate heat In the same manner or dif­
ferently? 
Becker and Morehouse (1935, 1936, 1936a, 1936b} have 
demonstrated that the quantitative character of coccidlan in­
fection can be changed through modification of the diet of the 
host. They (1937) claim that a certain dietary factor favors 
the growth and multiplication of the coccidlan parasite. Thus, 
by leaving such a factor out of the diet of the host, the num­
ber of parasites can be reduced considerably. As a consequence 
of their findings, the following question mi^t arise: Is the 
parasite affected physiologically through modification of the 
host's diet in any respect other than growth and multiplica­
tion, such as resistance to heat effects? 
The present study was undertaken in an attempt to answer 
the two foregoing questions. 
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REVIEW OP LITERATURE 
P^rard (1925) was apparently the first worker to experi­
ment extensively with the effects of different temperatures 
on the exogenous development of o3cysts of coccidia, and to 
point out their great resistance to disinfectants and relative 
susceptibility to desiccation and heat. His findings regaird-
ing effects of temperature on oficysts of coccidia may be sum­
marized aa follows; Eimeria perforans failed to sporulate at 
0® to 2°C.; at 5° to 6^0,, complete sporulation was observed 
after 14 days; at 18®C., after 48 hours; at 25®C., after 30 
hours; at 38®C., after 24 hours; at 40®C,, no development was 
noted and the oocysts were killed after 7 days. At 0® to 2®C„ 
E. stiedae also failed to develop; at 5® to 6®C., complete 
sporulation occurred after 21 days; at 18®C,, after 72 hours; 
at 25°C,, after 60 hours; at 38°C, and 40°C4i there was no 
sporulation, E. falciformis likewise did not develop at 0® to 
2°C,; at 5° to 6°G,, complete sporulation was observed after 
14 days; at 18°C,, after 72 hours; at 25°C., after 48 hours; 
at 38°C,, after 36 hours; at 40®G., there was no sporulation, 
tJnsporulated oocysts of E. perforans subjected to dry heat 
were all killed at 40°C, at the end of two hours; at 45®C, at 
the end of one hour, and at 55°C. after 15 minutes. Unsporu-
lated oficysts of B. perforans exposed to boiling water were 
destroyed in less than five seconds and in ten seconds in 
water at 80°C.; at 65°C,, 805^ of the oBoysts were destroyed 
In twenty minutes and 100^ kill was obtained in half an hour. 
He claimed that sporulated oficysts were more resistant than 
\insporulated forms, Sporulated oBcysts of E. perforans which 
had been exposed to toiling water for 50 seconds, to dry heat 
at 110°C, for 5 minutes, and to dry heat at 45^C. for one hour, 
when fed to rabbits, produced light infections, A rabbit 
which was fed sporulated oftcysts of S. perforans previously 
subjected to desiccation at 55°C, for an hour failed to become 
infected. At -10®C. in crushed feces, 50^ of the unsporulated 
oocysts of E. perforans, and 76% of those of E, stiedae were 
destroyed. At -15°C,, 80% of both species were killed. Only 
a small number of sporulated odcysts of E, perforans were 
destroyed in feces which were exposed to -10®C. (Lengths of 
exposures v/ere not indicated, ) 
Noml (1926) working with Eimerla ziirnil of cattle con­
cluded that at 37®C. no complete sporulation occurred. The 
optimum temperature for sporulation was 30°C, At this tem­
perature, 100/^ sporulation was obtained after 67 hours. At 
21°C, to 28®G, there was slower development, for 6S% sporu­
lated in 91 hours. At ll^C, to IS'^G, development was further 
retarded, since no development took place in 15 days, but 
sporocysts were noted in 88,7^ of the oBcysts in 35 days and 
in 100^ in 40 days. 
7 -
Becker and Crouch (1931) studied the effect of tempera­
ture upon the development of perforana and E. magna, and 
reported that at temperatures of 51°C, and above an expostire 
of 10 minutes rendered the oBcysts of E. perforans and E. magna 
incapable of further development. The optimum temperature for 
sporulation of those two species of rabbit coccidia in a 2% 
potassium dichromate solution was 33®C. The ''thermal death 
point" of unsporulated oticysts of B. perforans and E. magna 
was 51®C. 
Wilson {1931}, in his investigation of bovine coccid-
iosis, included a study of temperature effects. He worked 
with a mixed culture of E« ziirnii, E. amithi, and E. cylin-
drica, Hia results led to the following conclusions: A ten 
minutes exposure, at 75°C., 65®G,, 60*^C,, rendered the 
oScysts of these species incapable of development; at 55*^0., 
development started in one case but did not continue; at 50°C,, 
47^ to 485^ sporulated; at 45®C., 80^ to 86^ of the oBcysts 
developed. He found no difference in the rate of development 
whether unsporulated oftcysts of this mixed culture v/ere incu­
bated at 37°C, or at 30®C, At none of the species 
showed any development; at 6*^0,, developnient proceeded very 
slowly. 
Fish (1931, 1932) undertook a rather extensive investi­
gation with the effects of chemical reagents, ultra-violet 
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rays, and temperature on oiJcysta of E. tenella from the 
chicken. His results were first published In preliminary form 
(1931) and later (1932) in detail. Regarding effects of tem­
perature on the o6cysts of that species of chicken coccidia, 
he found the following: The per cent of mortality of unsporu-
lated oBcysts exposed for 10 minutes at 41®C, was 0^; at 
46°C., 5.2%; at 50°C., 56,4%; at 51°G., 23.55^; at 53°C. and 
above, 100%, "Phe sporulated oficysts were not significantly 
more resistant to heat than were the unsrcrulated oScysts, 
since both were killed at 55®C. in ten minutes. At' 60°G. a 
total kill resulted in twenty seconds; at 80®C., in three 
seconds in both the sporulated and unsporulated oBcysts, 
Relnhart and Becker (1933) working with £, miyalrii (now 
called E, nleschulzi) found that the thermal death point (10 
minutes exposure) for the sporulated and unsporulated oBcysts 
of that species was approximately 49®C, At 53®C. unsporulated 
odcysts were destroyed in 15 seconds and at 41®C. after 24 
hours. At 52°C, the sporulated forms were killed in 2 mimtes 
of exposure. The critical thermal increment for the death of 
the unsporulated oiScysts was about 140,000, They suggest that 
half-kill or three-fourths-kill may b© a more accurate cri­
terion for the time and temperature effects than total kill. 
Lee (1934), in his study of the pathology of coccidiosis 
of the dog, also experimented with temperature effects. He 
exposed a mixed culture of Isoapora blgemlna. I. rlvolta, 
I* fells to different temperatures for 10 minutes each, 
and obtained the following results: Ho development was ob­
served at 52°C, and above. At 51®C, about 40% sporulated and 
at 50®C, there was about Q0% development. By exposing un-
sporulated oScysts of I. bip;emina to 8°C, for two days, a 20% 
decrease in development resulted. Exposure to winter temper­
ature in Iowa, fluctuating from 12®P. to 60®P, for a month, 
destroyed both unsporulated and spoinilated oocysts of canine 
Isospora, He also found that cult\ires Incubated at room tem­
perature of 29°C, to 30®C, and at 37,showed very little 
difference in sporulation time. 
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EXPERIMENTAL 
Material and Method^ 
Altogether seven species of Elmerla - E. nlesehulzi 
(formerly called E. miyairli, cf, Roudahtush, 1957), E. miyalrli 
(formerly called E. carlnli), E. separata, E» tenella> E. ar-
loingl, E. faurel, and E, nlna-kohl-yakimovi from three differ­
ent hosts - the albino rat, the chick, and the lamb, - were em­
ployed in the study of the comparative susceptibility of dif­
ferent species of coccidia to effects of heat. They were se­
lected only on the basis of availability. In the investigation 
of heat effects on ottcysts of coccidia from animals on experi­
mental diets, £« nlesehulzi was used as the parasite and the 
white rat as the host. The strain of E, nlesehulzi was the 
progeny of that inbred by Dr. E. R, Becker (1934a), It has been 
used verj extensively by Dr. Becker and his students in their 
investigations on various coccldlan problems. All the rats were 
from the same strain, the famous Inbred Wlstar A, In every case 
the experimental or test rats and the controls were from the 
same litter. 
Collection and Concentration of Oocysts. 
Unsporulated oficysts of E, nlesehulzi, E, miyalril, and 
E. separata in unmixed Infections were taken from the caeca 
of albino rats on the 9th, 7th, and 6th days, respectively, 
after experimental infection, Unsporulated oBcysts of E. 
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tone11a was secured from the caeca of chicks on the 7th or 8th 
day after experimental infection. Unspcrulated oftcysts of 
B« arloingi, E. faurei. and B, nina-kohl-yakimovl were obtained 
from fresh fecal droppings of lambs. All the above mentioned 
hosts were presumably on normal diets. The oftcysts obtained 
were concentrated by the following procedure: In the cases 
of coccidia of the rat and the chick, the entire content of 
the caecum, and in the cases of lamb coccidia, the fresh fecal 
droppings were crushed, washed in water and then filtered 
through a tea strainer to remove coarse material. The fil­
trate was thoroughly washed with water three or four times by 
centrifuging. The oocysts then were floated and concentrated 
by centrifuging in sugar solution according to the method 
described by Becker (1934), 
In the study of effects of heat on oBcysts of coccidia 
from hosts which were depleted of vitamins B and Q, rats were 
put on the following ration, deficient in both vitamin B and 
vitamin G: Sugar, 71 parts; celluflour (pure cellulose) 2 
parts; vitamin-free casein, 18 parts; lard, 3 parts; cod liver 
oil, 2 parts; salt mixture (Hawk and Oser), 4 parts. After 
nine days on this diet the rats were partially depleted of the 
vitamins. On the ninth day the rats were infected experiment­
ally with E. nieschulzi. Nine days after infection, oScysts 
were collected from the vitamin depleted rats and concentrated 
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as previously described. The controls were fed a normal diet, 
a modified Steenbock's ration prepared as follows: Yellow 
corn meal, 76 pounds; linseed oil meal, 16 pounds; ground al­
falfa, 2 pounds; NaCl,.5 pound; CaCO^, ,5 pound; dried skinmed 
milk, 12 pounds. All the rats were weighed at definite inter­
vals in order to determine the effectiveness of the experi­
mental diet, 
A supplement of Fleishman's powdered yeast was used in 
producing a diet high in vitamins B and 0, Twenty parts of 
yeast were added to the normal diet. Rats were put on this 
diet and experimentally infected with E, nieschulzi on the 
ninth day. On the ninth day after the experimental infection, 
oocysts were collected from them. Controls received only the 
normal diet. Both the experimental rats and controls were 
weighed at definite intervals. 
To study the effect of starvation of the host on the 
susceptibility of coccidian oocysts to heat, rats on normal 
rations were experimentally infected v/ith E, nieschulzi and 
starved beginning the fourth day of infection, Roudabush 
(1937) reports that the fourth generation, that is, the last 
generation of merozoites of the endogenous cycle of E, nie­
schulzi , matures on the fourth day of Infection and gamete 
formation begins when the fourth generation raerozoites enter 
host cells. The date (after the third day of infection) on 
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which starvation began was thus chosen, so that gametes and 
the resulting oBcysts would form in the starved intestine. 
In order to maintain life, however, each rat was fed 4 cc. of 
whole milk daily and supplied with plenty of sugar and water. 
On the eighth day of infection (fifth day of starvation) 
oBcyats were obtained and concentrated. The rats used were 
all young rats with a mean body weight of about 86 grams. It 
was found that with the coccidian infection they could be 
starved only for five or six days. Controls were kept on the 
normal diet. At definite Intervals the rats were weighed. 
Thermostat Water Bath. 
An electrically controlled constant temperature water 
bath was employed. The temperature held fairly steady with a 
fluctuation of less than ,2°C, Duplicate vials containing 
2 cc. distilled water and corked with stoppers were placed in 
the water bath. Care was taken to have the level of the water 
in the vials at least about an inch below that of the water 
in the bath. Enough time, at least fifteen minutes, was per­
mitted to lapse so as to allow the water in the vial to heat 
to the temperature of the water bath. The vials employed 
were about 1,5 cm, in diameter and 5 cm, in length, and had 
rounded bottoms. 
A horizontal platinum loop about 5 cm, in diameter was 
used in transferring floated oScysts from the centrifuge tube 
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to the vial. Care was also taken not to let the loop touch 
the wall of the vial above the level of the contained water, 
A stop-watch was used for measuring the exposure. After the 
desired length of exposure, the vial was quickly removed, un­
corked, plunged into cold water and shaken. The materiel was 
then poured into a larger vial having a diameter of about 2.5 
cm. About 2 cc, of a 4 per cent potassium dichroraate solution 
was added to the culture, the vial was plugged with cotton, 
and the oticysts were allowed to sporulate at room temperature. 
Control vials in duplicates, that is, those which were not 
submitted to heat in the bath, were kept in every experiment 
as an index to natural mortality, that is, not attributable 
to heat effects. In nearly all cases the experiments were 
repeated once or twice, and the results averaged. 
Criterion of Temperature Effects^ 
The minimum number of days permitted for sporulation was 
three for E, separata and B. tenella, four for E, nieschulzi, 
E. arloingi, E, faurei, and E. nina-kohl-yakimovi, and six for 
E. miyairii. After a lapse of the number of days required for 
sporulation, the oficysts from the duplicate vials were mixed 
and concentrated by centrifuging, A sample was examined un­
der the higjh power of the microscope on a mechanical stage. 
The criterion of the effects of heat upon the parasite was the 
occurrence or failure of sporulation. In most cases 500 
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o6cyats were examined. In the cases of E, separata and the 
coccidia of the lamb only 100 oScysts were examined, "because 
the infections of those species were usually not very heavy. 
The net mortality, that is, per cent of kill which is due 
to the effects of heat v/as calculated by the following for-
tmila: 
(x-y)100 _ net per cent of mortality of oftcysts 
X " due to heat effects 
X = nximber of oocysts sporulated in control 
y = nimber of oocysts sporulated in experiment 
As pointed out by Beinhart and Becker (1933), the half-
kill or three-fourths-kill is a more accurate criterion than 
total kill for the time and temperature effects. In the 
present study the fifty per cent kill was used. The times of 
exposure for half-kill were estimated from the data by eye-
fitted lines, a method which is sufficiently accurate for the 
present purpose. Figure 1 is an example showing how the 
probable length of exposure for fifty per cent mortality was 
evaluated by an eye-fitted line. In a few cases, however, 
the times of exposure for fifty per cent kill were estimated 
mathematically, because the shortest possible exposure re­
sulted in more than fifty per cent kill. 
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Results 
Effects of Heat on Coccldlan Ottcysts from Host Species on 
Normal Diets. 
E. nleschulzi. E. nieschulzl is a species that is deli­
cate to heat effects. The results of the experiments are 
tabulated in Table I. The estimated lengths of exposure for 
50 per cent mortality at 56®C,, 54®C,, 52®C., 50°C,, 48®C,, 
and 46°C,, are .016, .09, .27, 1.7, 12.2, and 42,5 minutes, 
respectively (Figure 2). 
The experiments with E. nleschulzi were undertaken in 
the siammer of 1936, It was, incidentally, found that high 
room temperatures are fatal to this species. The ottcysts 
failed to sporulate at room temperatures approximating 40*^0. 
The difficulty was removed by working in a cooler laboratory 
in the basement, where the room temperature was about 34°C., 
and by keeping the culture in an incubator at 28°C, to 33°C. 
sporulation occurred, 
E. miyalrii. This species is comparatively resistant to 
effects of heat. It is the least susceptible species among 
the three species of Eimeria of the rat. Table II shows the 
results of the study. The estimated exposures for 50 per cent 
kill at 56°C., 54°C,, 52°C., 50°C., 48®C., and 46°C., are .41, 
1.4, 6.1, 17.5, 58, and 138 minutes, respectively (Figure 2). 
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TABLE I. EFFECTS OF HEAT ON THE UKSPORUIATED 
OOCYSTS OP E. NIESCHPLZI 
Temperature Time of Mortality 
dep;rees C. exposure percentage 
56 .02 min. 63,6 
,05 mln. 73,9 
.10 lain. 96,6 
.15 min. 99.8 
«20 min. 100.0 
54 •05 min. 8,9 
.10 min. 54.0 
.20 min. 99,0 
,35 min. 100,0 
.50 mln. 100.0 
52 ,10 min. 0.8 
.25 min. 43,4 
.40 min. 92,0 
.60 rain. 100.0 
,80 min« 100,0 
50 .50 min. 0,4 
1.00 min. 8,4 
2.00 min. 64.0 
3,00 min. 87.3 
4,00 min. 95.6 
5,00 min. 100.0 
48 4,00 mln. 5.4 
7,00 min. 18.3 
10,00 min. 41,7 
13,00 min. 52,7 
16,00 rain. 84.7 
20.00 min. 97.1 
46 15,00 min. 2.6 
30.00 min. 11.6 
1 hr. 86,7 
2 hrs. 100.0 
3 hrs. 100.0 
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TABLE II, EFFECTS OP HEAT ON THE UHSPOKOLATED 
OOCYSTS OP E. MIYAIRIl 
Temperature Time of Mortality 
decrees C. exposure percentajBcs 
56 .20 mln. 2,9 
,40 mln. 44.9 
.60 min. 88.6 
.80 mln. 89.8 
1,00 mln. 92.7 
1,20 mln. 95.9 
1.50 mln. 100,0 
54 ,50 mln. 3,7 
1,00 rain. 31,4 
1.50 laln. 70.9 
2,00 min. 92,0 
3.00 min. 99.0 
52 1.50 min. 17.8 
3,50 min. 24.1 
5,50 mln. 37.9 
8.50 min. 81.3 
15,00 min. 100,0 
20,00 min. 100.0 
50 7,00 min. 0,0 
14,00 min. 8.5 
22,00 min. 70.8 
30.00 min. 98.7 
38.00 min. 100.0 
48 30.00 min. 0.4 
55.00 min. 39.0 
70.00 min. 91.6 
90.00 min. 100.0 
105.00 min. 100,0 
46 30.00 min. 0.0 
1 hr. 13,2 
2.5 hrs. 53.9 
4 hrs. 99.2 
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E« separata« E, separata is extremely delicate. It 
proved to "be the moat susceptible species to heat, not only 
among the three species of rat Eimeria, but also among all 
the species included in the investigation. The results of 
the experiments are shown in Table III, The estimated times 
of exposure for 50 per cent mortality at 56®C., 54°C,, 52°C,, 
50°C., 48°C,, and 46°C,, are ,01, .13, ,26, .36, ,78, and 
13,8 minutes, respectively (Figure 2), 
S. tenella. E. tenella is a species that is fairly re­
sistant to heat effects. The findings of the experiments are 
tabulated in Table IV. The estimated exposures for half-kill 
at 56®C., 54°C., 52°C., 60°C,, 48°C., and 46°C., are ,11, .30, 
2, 16, 83, and 245 minutes, respectively (Figure 2), 
5, arloingi. Pour species of coccidia - S, Intricata, 
B, arloingi, E. faurei, and E, nina-kohl-yakimovi - were found 
in the fresh fecal droppings of lambs, E. Intricata was 
present in such very small numbers that no experiments were 
attempted with that species. 
Among the seven species of Eimeria experimented with, 
E. arloingi is found to tolerate heat better then any others. 
It is the most resistant species. The data ere shovvn in 
Table V. The estimated lengths of exposure for 50 per cent 
mortality at 56°C,, 54°C., 52°C., 50®C., 48°C., and 46°C , are 
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TABLE III. EFFECTS OF HEAT ON THE TJNSPORULATED 
OOCYSTS OF E. SEPARATA 
Temperature Time of Mortality 
decrees C. exposure percentage 
56 .02 mln. 98.7 
.05 mln. 100.0 
•15 min. 100,0 
54 ,05 min. 4.3 
,10 rain. 44.3 
,40 rain. 91.5 
,70 mln. 99.0 
1.00 min. 100.0 
52 .10 mln. 0.0 
,25 min. 48.9 
.45 mln. 66.0 
.75 mln. 99.0 
1,00 min. 100.0 
50 ,20 min. 2.2 
,50 min. 73.9 
1.00 min. 100,0 
2,00 min. 100.0 
48 ,25 min. 0.0 
,50 min. 17.4 
1,00 min. 69.6 
2,00 min. 84.4 
4,00 rain. 92.7 
10,00 min. 98.0 
20,00 min. 100.0 
46 2.00 min. 4.2 
7,00 min. 11.5 
15,00 mln. 57.3 
30,00 min. 91.0 
1 hr. 100,0 
2 hrs. 100.0 
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TABLE IV, EFFECTS OP HEAT ON THE UNSPORULATED 
OOCYSTS OP E. TEKELLA 
Temperature Time of Mortality 
degrees C. exposure percentage 
56 .10 min. 43,4 
,20 min. 92.7 
.30 min. 99,6 
,50 min. 100,0 
54 ,10 min. 3,8 
,20 min. 13,1 
,50 min. 82,7 
,80 min. 96.6 
1,10 min. 97,3 
1,50 min. 100,0 
52 1,00 min. 27,4 
3,00 min. 62,2 
5,00 min. 83,0 
7,00 min. 87.8 
9,00 min. 95.9 
11,00 min. 99,4 
13,00 min. 100,0 
50 5,00 min. 25,9 
10,00 min. 30.7 
25,00 min. 68,8 
40,00 min. 97,7 
55,00 min. 100,0 
70,00 min. 100,0 
48 10,00 min. 1,8 
30,00 rain. 9,0 
50,00 min. 14,5 
70,00 min. 36.1 
90,00 min. 60,1 
110,00 min. 89,7 
46 1 bp. 0,0 
2 hrs. 2,4 
3 hrs. 35.5 
4,5 hrs. 54,9 
6 hrs. 66,7 
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TABLE V. EFFECTS OP HEAT ON THE UHSPORDLATED 
oflCYSTS OP E. ARLOINGI 
Temperature Time of Mortality 
degrees C. exposure percentage 
56 .10 min. 0,0 
.50 min. 47.9 
1,00 min. 97,9 
1,50 min 100,0 
54 1,00 min. 30,0 
2,00 min. 48,0 
4,00 min. 80,0 
6,00 min. 98.0 
8,00 min. 100,0 
52 5,00 min. 8,3 
9,00 min. 33,3 
14,00 min. 49,2 
20,00 min. 75,0 
50 10,00 min. 26,5 
20,00 min. 40,8 
40,00 min. 59,2 
60,00 min. 73,5 
100,00 rain. 86,0 
150.00 min. 100,0 
48 15,00 min. 2,0 
30,00 min. 2,0 
60,00 min. 12,2 
90,00 min. 18.8 
2,5 hra. 36,7 
4 "hrs, 75,5 
8 hrs. 100,0 
46 2 hrs. 2,0 
5 hrs. 8,0 
9 hrs. 50,0 
24 hrs. 100,0 
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,51, 2,1, 14,4, 29, 180, and 540 minutes, respectively (Fig­
ure 2), 
E, faurei. E, faurel is,also very resistant to heat ef­
fects, The findings of the experiments are shown in Table VI, 
The estimated exposures for 50 per cent kill at 56®C., 54®C., 
52°C., 50°G., 48°C,, and 46®C., are ,42, 1,6, 7,9, 19,8, 130, 
and 542, minutes, respectively (Figure 2), 
E. nina-kohl-yaklmovi. S. nina-kohl-yaklmovi can "be 
considered one of the more resistant species to heat effects, 
though it is the most susceptible among the three species of 
lamb coccidia tested. Table VII shows the results of the 
study. The estimated times of exposure for half-kill at 56®C., 
54®C., 52°C,, 50°C., and 48°G,, are ,32, ,78, 7,1, 9.2, and 
81 minutes, respectively (Figure 2), 
Effects of Heat on Coccidian OBcysts from Host Species on Ex­
perimental Diets. 
B. nieschulzi from Rats on a Vitamin-B and G Deficient 
Diet, One preliminary experiment without controls and three 
series of experiments with controls were carried out. There 
were two rats in the preliminary series. They were put on the 
vitamin-B and Q deficient diet as previously described. After 
nine days on the diet the mean body weight decreased from an 
initial 64 gm, to 53 gm. It was certain that these rats were 
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TABLE VI, EFFECTS OF HEAT 01? THE UNSPORULATED 
OiJCYSTS OF E. FAtJREI 
Temperature Time of Mortality 
degrees C. exposure percentage 
56 .10 rain. 0,0 
,50 rain. 45,0 
1.00 rain. 96,0 
1.50 min. 100.0 
54 ,50 min. 0.0 
1,00 min. 22.0 
2,00 min. 64,0 
3,50 min. 92,0 
52 5.00 min. 0.6 
10.00 min. 80,0 
15.00 min. 100,0 
50 10.00 min. 25,0 
20.00 min. 50.1 
40.00 min. 91,7 
60.00 min. 100,0 
48 15,00 min. 0.0 
30,00 min. 0,0 
1 hp. 18,8 
1,5 hrs. 29.2 
2,5 hrs. 54.6 
4 hrs. 81.8 
8 hrs. 100.0 
46 2 hrs. 0.0 
5 hrs. 17,4 
9 hrs. 47.8 
24 hrs. 100,0 
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TABLS VII. EFFECTS OF HEAT ON THE UKSPOHULATED 
OOCYSTS OF E. HINA-KOHL-YAKIMOVI 
TeniDerattire Time of Mortality 
degrees 0. exposure percentage 
56 ,10 min. 0,0 
,50 min. 78,0 
1,00 min. 100.0 
1.50 min. 100,0 
54 ,50 rain. 23,9 
1,00 rain. 73,9 
2,00 min. 100,0 
3,50 min. 100.0 
52 5,00 min. 10,5 
10,00 rain. 98,9 
15^00 min. 100.0 
50 2,50 min. 0,0 
5,00 min. 18,8 
10,00 min. 53,1 
20,00 min. 77,6 
40,00 rain. 100,0 
60,00 min. 100,0 
48 15,00 min. 6,1 
30,00 min. 14,1 
60,00 min. 22,5 
90,00 min. 61,2 
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i 
partially depleted of vitamin B and vitamin G» They were in­
fected with E. nieachulzi and oBcysts taken from their caeca 
1 
were subjected to heat effects as described above. 
Rather unexpectedly, the results of the preliminary ex­
periment demonstrated that unsporulated oocysts of E. nie-
I schulzi from rats on this deficient diet were killed by heat 
much more readily than those from hosts on the normal diet 
shown in previous experiments (Tables I and VIII), More ex­
tensive study, therefore, was carried out. 
There were four rats, two experimental and two control^ 
in each of the three series of experiments. In the first 
series, after nine days on the vitamin deficient diet the 
mean weight of the avitaminized rata dropped from an initial 
85 gm. to 78 gm. Controls were not weighed. In the second 
series, the mean wei^t of rats on the vitamin-B and Q defi­
cient diet decreased from an Initial 81 gm, to 75 gm,, while 
the controls increased from an initial mean of 68 gm, to 78 gm. 
In the third series, the mean weij^t of the avitaminized rats 
decreased from an initial 81 gm, to 75 gm,, while the con­
trols increased from an initial 82 gm, to 104 gm. The re­
sults of the three sets of experiments are shown in Table VIII. 
All the data indicate that unsporulated oScysts of E, nieschulzi 
from rats on the vitamin-B and G deficient diet are consider­
ably more susceptible to effects of heat than oocysts from 
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TABLE VIII. EFFECTS OF HEAT ON THE TJNSPOHDLATED o5CYSTS 
OF E. NIESCHTLZI PROM RATS OK A DIET DEFICIENT IN 
MINS B AJto G Al?ie> PROM RATS ON NORMAL DIET 
Time of: 
:Mortality percentage of oftcysts from rats on a He 
vltamln-B and Q deficient diet 
degrees C. exposure: Pp^sdnary fest ser­ Test sier- Test ser­ Average 
• 
• series* ies 1 ies 2 ies 3 
52 
• 
• 
.10 min: 10.0 12.4 19.5 14.0 
•25 min^ 82.0 78.1 58.1 72.7 
«40 mlA; 100.0 98.8 99.0 99.6 
.60 min.: 100.0 100.0 100.0 100.0 
• 80 mlxu 100.0 100.0 100.0 100,0 
50 
• 
• 
1/2 mirt; 48.3 23.8 24.5 32.2 
1 min; 98.6 92.1 83.2 91.3 
2 min^ 99.8 100.0 • 100.0 99.9 ' 
3 min; 100.0 100.0 100.0 100.0 
4 miix: 100.0 100.0 100.0 100.0 
5 min; 100.0 100.0 100.0 100.0 
48 
» 
• 
4 min4 26.7 98.5 63.3 92.1 84.6 
7 miru 80.4 98.8 90,3 98.4 95.8 
10 min; 97.1 100.0 94.8 99.5 98,1 
13 min^ 99.8 100.0 99.7 100.0 99.9 
16 min; 100.0 100.0 99.7 100.0 99.9 
20 min; 100.0 100.0 100.0 100.0 100.0 
46 
• 
• 
5 min; 08.1 13.4 14.4 12.0 
15 miiv 53.6 68.9 49.4 71.8 63.4 
30 min: 83.6 94.9 78.3 96.3 89.8 
60 min; 99.6 100.0 99.7 99.8 99.8 
120 min; 100.0 100.0 100.0 100.0 100.0 
180 min: 100.0 100.0 100.0• 100.0 J 100.0 
Results of the preliminary series and 
were not Included in the averages. 
Re suits taken from Table I, 
those taken from Table I 
i i 
i 

b OOCYSTS 
tN VITA-
! I 
i 
!rats on a itortality percentage of odcysts from rats 
k on normal diet 
br 
» 
Average 
** 
Control Control Control : Average J 
series 1 series 2 series 3: t I 
b 14.0 00.8 00.4 04.3 
« 
02.9 ; 02.8 
i 72.7 45.4 25.6 13.4 17.3 : 18,8 
D 99.6 92.0 91.8 79.0 72.7 : 81.2 
p 100.0 100.0 100.0 88.3 93.2 : 93.8 
D 100.0 100.0 100,0 98.3 98.3 : 98.9 
32.2 00.4 03.3 00.8 
• 
• 
04.3 : 02.8 
0 91.3 08.4 07.8 09.2 20.8 : 12.6 
b 99.9 ' 64.0 63.3 68,2 84.4 : 72.0 
P 100.0 87.3 95.5 93.0 95.9 : 94.8 
D 100.0 96.6 99.6 98.0 98.9 ; 98.8 
100.0 100.0 100.0 99.4 99.4 : 99.6 
1 
84.6 05.4 18.5 12.7 
• 
03.8 ; 11,7 
4 95.8 18.3 30,9 23.9 17.3 : 24.0 
is 98.1 41.7 39.1 27.9 30.0 : 32.3 
0 99,9 52.7 46.5 40.2 47.8 ; 44.8 
b 99.9 74.7 70,0 53.2 57.5 : 60.2 
b 100.0 87.1 89.7 74.0 76.1 : 79.9 
( 
12.0 01.0 02.1 
• 
• 
00.0 : 01.0 
B 63.4 02.6 15.8 06.0 07.4 ; 09.7 
3 89.8 11.6 23.5 10.4 10.2 : 14.7 
S 99.8 86.7 36.6 23.7 28.5 : 29.6 
0 100.0 100.0 100.0 95.0 98.5 : 97.8 
0 ; 100.0 100.0 100.0 100.0 100.0 ; 100.0 
! Table I 
I 
i 
) 
i 
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rats on the normal diet. It should he pointed out that in no 
case did the oficysts from avitaminized rats show as great 
tolerance to heat as the controls. 
In the three sets of experiments, the estimated average 
times of exposure for 50 per cent mortality at 52°C., 50°C., 
48®C., and 46°C., are ,18, ,73, 2,4, and 12,5 minutes, respec­
tively, for oScysts from avitaminized hosts; while those for 
oticysts from control or normal rats are ,32, 1,4, 15, and 78 
minutes, respectively (Figure 3). 
It was also incidentally found that the natural mortal­
ity, that is, death not attributahle to heat effects, of E. 
nleschulzi was uniformly higher in the case of oocysts from 
avitaminized hosts than those from controls, when both were 
left to sporulate under exactly identical laboratory condi­
tions, The number of oScysts which failed to sporulate in 
the 500 oocysts examined from the avitaminized host ranged 
from 40 to 126, mean 78,8; from the normal host they ranged 
from 9 to 30, mean 17,1 (Table IX). 
E, nieschulzi from Rats on a High-Vitamin-B and G Diet. 
Since oficysts from rats on vitamin-B and 6 deficient diet are 
markedly more susceptible to heat than oBcysts from hosts on 
normal diet, experiments were carried out with oftcysts of 
E, nieschulzi from rats on a diet high in vitamin B and vita­
min G, with a view to possible increase of resistance of the 
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TABLE IX. DATA SHOWING THE MJMBER OP oSCYSTS OP 
E. NIESGHULZI THIGH FAILED TO 3P0RDLATE VIBEN HOSTS 
WSHFWITTTAIIN-B AND G DEPICISJiT DIET AND ON NOR­
MAL DIET 
Rata on vit­ No, of obcysts ;Rats on: No. of oocysts 
amins defi­ Vial failing to spoiH normal iVial failing to spor 
cient diet no. ulate out of diet : No, ulate out of 
600 examined (Control:^ 500 examined 
1« 1 59 
2 53 
3 52 
4 48 
5 43 
2^ 1 40 
2 69 
3 65 
4 65 
5 61 
3 1 105 3 1 15 
2 99 2 19 
3 98 3 10 
4 99 
5 94 
4 1 71 4 1 18 
2 67 o w 9 
3 67 3 15 
4 57 
5 71 
5 1 80 5 1 10 
2 76 2 10 
3 83 3 20 
6 1 110 6 1 20 
2 119 2 20 
3 121 3 18 
7 1 119 7 1 10 
2 126 2 18 
3 103 3 15 
8 1 64 8 1 21 
2 69 2 29 
3 68 3 30 
itange 40 - 126 9 - 30 
Mean 78.8 17.1 
Rats 1 and 2 were those in the preliminary series. There 
were no controls for them. 
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parasite to heat effects, 
Fleishman's powdered yeast is an excellent source of 
"both vitamin B and vitamin Q, Twenty parts of it were added 
to the normal diet, in order to produce a ration high in these 
vitamins. Two rats were started on this diet. After nine 
days, the mean weight increased from an initial 75 gm, to 
112 gm. The two controls increased from an initial mean of 
76 gm, to 112 gm. They were infected with E. nieschulzi and 
oBcysts taken from them were tested for effects of heat as 
previously described. Table X shows the results of the ex­
periments. The estimated exposures for 50 per cent kill at 
520c., 50°C., 48®C,, and 46°C., are .32, 1.8, 17,7, and 78 
minutes, respectively, for oScysts from rats on a high-vita-
min-B and G diet; ,36, 1.6, 16.5, and 79 minutes, respectively, 
for oocysts from control rats. The results so far indicate 
that by adding an extra quantity of vitamins B and G in the 
diet of the host, the resistance of the unsporulated oBcysts 
of nieschulzi to heat does not increase. Since the results 
were so clear, no further experiments were carried out along 
these lines. 
B. nieschulzi from Starved Rats. It was speculated that 
starvation of the host might affect the susceptibility of 
coccidian oBcysts to heat effects. Tv/o sets of experiments 
were carried out for this purpose. 
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TABLE X. EFFECTS OP HEAT OV THE tJNSPORtJLATED 
OSCYSTS OF E. KIESCHULZI FROM RATS OM A HIGH-
VITAMIN-B AKD G DIET 
Mortality percent­ Mortality percent­
Temperature Time of age of oocysts fran age of o6cysts from 
degrees C. exposure rats on high-vita- rats on normal diet 
min-B and G diet (controls) 
52 ,10 min. 01,3 00.9 
,25 min. 21,2 15,1 
,40 min. 83,3 69.8 
,60 min. 98.7 98,1 
,80 min. 99.4 99.1 
50 1/2 min. 05,8 01.5 
1 min. 20,8 15,8 
2 min. 61,0 83,4 
3 min. 89,7 98,9 
4 rain. 98,3 100.0 
5 min. 100,0 99.9 
48 4 min. 10,0 25,9 
7 min. 14,4 32.3 
10 min. 18,0 35,1 
13 min. 23,1 37,7 
16 min. 37,8 47.7 
20 min. 66.9 71,0 
46 5 min. 01,1 00,0 
15 rain. 01.8 03.5 
30 min. 11,1 11.2 
1 hr. 30,2 24,1 
2 hrs. 99.0 98.6 
3 hrs. 100,0 100.0 
- 32 -
The first series consisted of two rats. After experi­
mental infection with B. nieschulzi they commenced to starve 
after the third day as described above. The average weight 
decreased from an initial 86 gni. (weighed on the day on which 
starvation began) to 64 gm, (weighed on the day of experi­
mentation), Ottcysts taken from them were tested for heat ef­
fects. 
There were four rats in the second series. Two were 
used as experimental rats and the other two as controls. The 
starved rats decreased in mean weight from an initial 86 gm, 
to 69 gm. The mean wei.^t of the controls increased from an 
initial 73 gm. (weighed on the day of infection) to 76 gm, 
(weighed on the day of experimentation). They were infected 
and oftcysts taken from them were tested for the effects of 
heat in the usual way. 
In four of the starved rats, two were found to have fair­
ly heavy infections of trichoraonads at autopsy. This is 
mentioned here particularly in connection with Hegner and 
Sskridge's recent report (1937) that trichomonads are not 
easily eliminated from rats by depriving the host of food. 
The ceecal contents of all the starved rats were yellowish 
and soft, and appeared to consist principally of digestive 
secretions as noted by Hegner and Eskridge, 
The findings of the study are shown in Table XI, The es­
timated times of exposure for 50 per cent mortality at 52®C,, 
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TABLE XI. EPFSCTS OP HEAT ON THE UNSPORULATED 
OSCYSTS OF E. KIESCHULZI FROM STARVED RATS 
Mortality percentage of Mortality per­
Temperatiire Time of oocysts from starved rats centage of con­
degrees G, exposure Test aer­ Test ser­ trols (for 
ies 1 ies 2 test series 2) 
52 ,10 mln. 04,4 00,0 00,0 
,25 mln. 06,6 16.4 20.8 
,40 min. 70,1 80,6 78,6 
,60 mln. 73,7 97,6 92,0 
,80 min. 96,2 99,4 97,7 
50 1/2 min. 00,0 04,3 04,5 
1 min. 10,2 16.6 19.7 
2 min. 57,7 69,2 72.4 
3 min. 86.5 97.0 96.8 
4 min. 98,9 99,4 99,2 
5 min. 99,9 100.0 99.6 
48 4 min. 05,7 11,1 12.0 
7 mln. 12,5 20.9 29.2 
10 min. 28,1 35,9 34,6 
13 rain. 64,1 79,7 78,5 
16 min. 92,4 94,0 80.6 
20 min. 98.1 99.8 95.0 
46 5 min. 00.0 02.0 00.0 
15 mln. 00,4 05,6 11.1 
30 min. 14,4 16,7 18,1 
1 hr. 44,7 51.5 42,7 
2 hrs. 100.0 100.0 100.0 
3 hrs. 100,0 100,0 100.0 
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50®C,, 48°G., and 46°C,, are ,33, 1.6, 15,2, and 59 minutes, 
respectively, for the test series; ,32, 1,6, 15,5, and 63 
minutes, respectively, for the controls. 
The results of the experiments clearly demonstrate that 
starvation of the host, as accomplished by the method de~ 
scribed above, does not affect the susceptibility of the un-
sporulated oficysts of E, nieschulzi to heat. 
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I DISCUSSIOK 
i 
j 
The results of the foregoing investigation have definitely 
I demonstrated that unsporulated oocysts of various species of 
Eiraeria from hosts presumably on normal diets do not tolerate 
heat in the same manner when tested tmder identical laboratory 
! conditions. Some species, such as E. separata and E« nie-
schulai, are extremely susceptitle; others, such as ^  
i I 
' arloingi and B, faurei, are comparatively resistant. The dif­
ferences in heat tolerance between the extremes are very dis­
tinct, For instance, at 46®C, it takes about forty times as 
! 
I long an exposure to kill 50 per cent of E, arloinpi as to kill 
i , . 
the same per cent of E. separata (see figure 3), It seems 
plausible to conclude that, aside from differences in the 
morphology of o&cysts, time for sporulation, endogenous 
i phases of life cycle, degree of pathogenicity, etc., various 
species of Eimeria also differ from each other physiological­
ly in the way of susceptibility to effects of heat, 
I'yhat is the explanation of the differences in heat tol­
erance of coccidian oocysts? In the three species of rat 
Eimeria, it might appear at first that the thickneBS of the 
wall of the oScyst has some relation to the phenomenon. The 
oScysts of S. miyairii have very thick and rough walls, so 
that they are comparatively resistant to heat. The o8cyst 
wall of E, separata is thin and delicate, so that the parasite 
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is extremely aueceptible to heat. The oftcysts of E. arloingi 
E. faurei, however, have a wall thinner and more delicate 
than that of the oBcysts of E. miyairil, yet they are more 
resistant. It seems probable, therefore, that it is not only 
the thickness but also the nature of the oftcyst wall which is 
the factor regulating the penetration of heat into the para­
site. 
Becker and Morehouse (1935, 1936) discovered that rats 
which had been on a vitamin-B and G deficient diet and ex­
perimentally infected with B. miyairii (now called R. nie-
schulzi) showed a very significant reduction of the number of 
oBcysts eliminated. In a subsequent publication (1936a) they 
suggested that this lessening of the number of oScysts was 
attributable to the lack of vitamin G. Later (1936b) they 
concluded that coccidium-growth v/as tied up with the vitamin~6 
complex, I'/hen yeast or certain other materials were used as 
a source of vitamin G, growth of the parasite was stimulated; 
but if liver was employed as a source of this vitamin, it did 
not favor the parasite. More recently (1937) they claim that 
the reduction of oBcyst counts is due to the absence of a 
coccidium-growth-promoting factor for which they suggest the 
name coccldibios. This substance is most likely to be de­
tected in connection with vitamins B and G, Skim-milk powder 
and liver contain only scanty amounts of this coccidiobios. 
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Rice polish has more and yeast contains anxch more of it. 
Their findings on the reduction of oScyst number elim­
inated by the host through diet modification seem to have a 
very close bearing on the phenomenon of the lowering of heat 
resistance of unsporulated oftcysts of E« nieschulzi by elimi­
nation of vitamins B and Q in the diet of the host. Is this 
phenomenon attributable to both vitamins B and G, or only to 
vitamin G? Is coccidibios responsible for it? Or, are there 
other factors involved in this phenomenon? Further investi­
gation along these lines needs to be carried out. 
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SUMMARY AND CONCLUSIONS 
1. Unsporulated oocysts of Elmerla nlesehulzl, E. 
miyalril, E. separata, S. tenella, E. arlolngi, 3, faurel. 
and E. nlna-kohl-yaklmovl from hosts presumably on normal 
diets do not respond to heat In the same manner when tested 
under Identical laboratory conditions, E. separata is the 
most delicate and E. arloinfri the most resistant species to 
heat. At 46®C., for Instance, it takes about forty times the 
length of exposure for E, arloinpi as for B. separata in or­
der to effect a fifty per cent mortality. 
2, Unsporulated oflcysts of E, nieschulzi from rats which 
have been on a vitamin-B and G deficient diet for nine days 
prior to exnerimental infection are ranch more easily killed 
by heat than those from hosts which have been fed the normal 
diet. For example, at 46°C,, the estimated average time of 
exposure, for fifty per cent mortality, for oocysts from con­
trol or normal rats is 78 minutes, while that for ocicysts 
from Rvitaminized hosts is only 12,5 minutes. 
3. The natural mortality - that is, failure of sporula-
tion which is not attributable to heat effects - of oBcysts 
of E. nieschulzi from avitaminized hosts is also considerably 
higher than that of oocysts from control hosts on normal diet, 
4, The addition of an extra quantity of Fleishman's 
powdered yeast, which is an excellent source of vitamin B and 
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vitamin G, to the normal diet of the host does not increase 
the resistance of the unsporulated ottcysts of 5. nieschulzi 
to heat. 
5, Starvation of the host, as accomplished by the method 
described, does not affect the tolerance of the unsporulated 
ottcysts of E, nieschulzi to heat. 
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APPENDIX 
Figure 1. 
An example showing how the probable time of 
exposure for a 50 per cent mortality was estimated 
by an eye-fitted line. The data were taken from 
Table I - unsporulated ottcysts of E. nleschulzi 
were tested at 48°C. 
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Figure 2. 
Semi-logarithmic plot of the points of 50 per 
cent mortality (estimated by eye-fitted lines) for 
the unsporulated oScysts of various species of 
Elmerla. 
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Figure 3 
Semi-logarithmic plot of the average points 
of 50 per cent mcrtality (estiraated "by eye-fitted 
lines) for the unsporulated oficysts of B. nieschulzl 
from rats on a vitamin-B nnd G deficient diet and 
from rats on normal diet. 
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